Primary human airway epithelial cell (hAEC) cultures represent a universal platform to 20 propagate respiratory viruses and characterize their host interactions in authentic target cells. To 21 further elucidate specific interactions between human respiratory viruses and important host factors 22 in airway epithelium, it is important to make hAEC cultures amenable to genetic modification.
119
containing a non-mammalian short-hairpin (sh)RNA control (pLKO_GFP; Mission™ SHC202) that 120 should not target any known mammalian gene, but will engage with RISC [26] . The Isopropyl The shRNA sequences TRCN0000231750 and TRCN0000231753 for knockdown of eGFP were 128 extracted from the RNAi consortium website (https://www.broadinstitute.org/rnai/public/) and ordered 129 as separate sense and antisense strands (Microsynth AG, Balgach, Switzerland) incorporating 130 specific restriction sites. shRNA oligos were annealed in CutSmart buffer (New England Biolabs) by 131 incubation of the sense and antisense strands at 94°C for 10 minutes and slow cooling to room 132 temperature (RT). The generated double stranded shRNAs were inserted into the 133 pLKO-mCherry_IPTG_3xLacO lentiviral backbone via restriction digestion cloning. 134 2.5 Lentiviral particle production 135 Low passage 293LTV cells were seeded in 2.2 mL of culture medium in a T25 cell culture flask 136 (TPP, Trasadingen, Switzerland) at a density of 880.000 cells/cm2 16 -18 hours prior to transfection.
137
For transfection, a total of 2.4 µg transfer vector, 1.6 µg pMDL, 0.6 µg pRev and 0.8 µg pVSV-g was 138 transfected into the cells using Lipofectamine 2000® (Fisher Scientific AG, Reinach, Switzerland) 139 according to the manufacturer protocol. Twenty-four hours post-transfection, the medium was 140 replaced with BEGM and incubated for an additional 24 -48 hours before lentivirus-containing 141 supernatant was collected on ice and spun down at 400 x rcf for 5 minutes at 4°C. Lentiviral titer was 142 estimated using the GoStix rapid lentiviral titer detection kit (Takara Bio Europe SAS, Cells were trypsinized with 0.05% Trypsin/EDTA (Gibco), resuspended and fixed with 1 mL 4% 155 buffered formalin (FORMAFIX, Formafix Switzerland AG, Hittnau, Switzerland) 
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Well-differentiated cultures were stained using the following primary and secondary antibodies 180 (tables 1 and 2). Figure 2B) . Thus, the removal of the inhibitor from culture medium upon LLI 307 culture seems to be sufficient for the cells to proceed through differentiation normally post-treatment.
181
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To confirm proper epithelial structure and morphology, hAEC cultures from both treated and 309 non-treated cells were stained for nuclei (DAPI), cilia (β-tubulin) and tight junctions (ZO-1). In low 310 passage (p2) the two groups share the same structure and morphology (data not shown). However, in 311 p4, only Y-27632 treated cells, independent of donor, were able to maintain epithelial integrity 312 post-differentiation. Non-treated cells in p4 seem to differentiate normally early on, evidenced by the 313 presence of ciliated cells, but eventually the epithelial layer dissociates and detaches ( Figure 2C ).
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Next, we assessed whether Y-27632 treated cells could be transduced to similar levels as naïve 
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To demonstrate that host gene expression can also be modulated post-differentiation via 402 inducible shRNA-mediated knockdown we repeated these experiments in primary hAEC cultures 403 using the same method of transduction and cell sorting as described above. After 6 weeks of 404 differentiation, both transgenic and naïve cultures were maintained for 6 consecutive days in the 405 presence or absence of 2 mM IPTG after which GFP expression was analyzed by flow cytometry.
406
Upon induction, we observed approximately 40% reduction in MFI in hAEC cultures expressing 407 shGFP1, whereas induction of shSCR and shGFP2 did not result in pronounced reduction of 408 fluorescence ( Figure 4A ). This data correlates with the relative GFP mRNA expression level after 409 IPTG-induction where a 50% reduction was observed for shGFP1 alone ( Figure 4B ). To further 410 corroborate these findings, we used confocal microscopy to visualize GFP expression in transgenic 411 hAEC cultures treated with 2 mM IPTG. Microscopic analysis showed homogenously transgenic 412 hAEC cultures expressing both mCherry and GFP, as well as the characteristic pattern of the 413 tight-junction marker ZO-1. Furthermore, we observed that GFP signal intensity is heterogeneously 414 distributed in all cultures, but overall the GFP expression in shGFP1 cultures was distinctly weaker 415 compared to shSCR and shGFP2 after induction ( Figure 4C ). These observations are in agreement 
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In light of these results, we evaluated whether viral replication could be influenced by Figure 6B ). However, unfortunately we did not observe any specific reduction in 459 replication in those cultures were GFP-directed shRNA had been induced by IPTG ( Figure 6B ). Since
460
we have demonstrated that our modified pLKO_mCherry_3xLacO lentiviral vector is functional and 461 able to reduce the expression of cellular GFP upon IPTG induction of GFP-directed shRNAs, we 462 speculated the failure of GFP knockdown to be cell type specific since HCoV-229E predominantly 463 infects non-ciliated cells [13] . Therefore, we repeated the experiment with a GFP-expressing human 464 respiratory syncytial virus (hRSV-GFP) which exhibits a ciliary cell tropism [28] . The obtained results
465
were in accordance with our previous observations, no difference in viral kinetics between naïve and 466 homogenously transgenic hAEC cultures was observed after infection with hRSV-GFP. Moreover, as 467 with HCoV-229E-GFP, we did not observe any reduction of viral replication kinetics in induced 468 cultures expressing GFP-directed shRNAs ( Figure 6C ). This suggests that in the context of our 469 experiments, neither HCoV-229E-GFP nor hRSV-GFP are susceptible to shRNA-mediated 470 knockdown. However, it also indicates that our results are not cell type dependent, further asserting 471 the functionality of our transgenic system as a whole. Based on these observations, we rather 472 hypothesize that the lack of knockdown is due to an insufficient amount of available shRNA within 473 infected cells to negatively influence the exponential increase of viral GFP mRNA expression while 474 the levels of cellular GFP mRNA are more suitable for shRNA-mediated knockdown. 
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anticipate that the incorporation of these alternative inhibitors and methods will further improve the 508 currently established protocol to generate homogenously transgenic hAEC cultures, and might even 509 facilitate the adaptation of this protocol to primary airway epithelial cells from other species to further 510 elucidate molecular virus -host interactions without using animal models.
511
In the current study, we have demonstrated that we can modulate gene expression in transgenic 
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Unfortunately, in our experiments, we did not observe any inhibition of viral replication through 527 shRNA-mediated knockdown targeting the GFP gene in the HCoV-229E and hRSV reporter viruses.
528
Since we observed the same phenotype with two viruses with differential cell tropism, non-ciliated and ciliated cells respectively, there seems to be no cell-type bias for shRNA-mediated knockdown in 530 homogenously transgenic hAEC cultures. This is further corroborated by the uniform reduction of 531 GFP expression by shGFP1 in our double transgenic hAECs, in which the MFI of GFP fluorescence is 532 reduced by approximately 40%. Due to low inoculation dose (MOI 0.1), we hypothesize that the 533 amount of shRNA targeting the viral GFP mRNA transcript simply is not sufficient to achieve a 534 pronounced reduction of the logarithmic increase of viral replication. Adaptation of the inoculation 535 dosage or even the Polymerase III promoter in the lentiviral vector to achieve a higher cellular 536
